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Abstract 
Natural fibers have recently become attractive to researchers, engineers and scientists as an alternative reinforcement 
for fiber reinforced polymer composites. This paper is focused on the tensile properties of natural fiber reinforced 
polylactic acid composites. The untreated and flexible epoxy treated bamboo fiber, vetiver grass fiber and coconut 
fiber were used as reinforcement for PLA biocomposites. The stiffness of untreated biocomposites increased 
significantly with increasing of fiber content. However, the tensile strength decreased with increasing of fiber 
content. The flexible epoxy surface treatment reduced the stiffness of all composites while it considerably increased 
tensile strength when compared against the untreated composites. In addition, it can be seen that the effects of 
flexible epoxy treated on the tensile strength improvement were dependent upon the type of natural fiber. The tensile 
strength of bamboo fiber and coconut fiber reinforced PLA composites were significantly improved by the flexible 
epoxy surface treatment. Unlike the other combinations, vetiver grass fiber reinforced PLA composite showed less 
improvement in tensile strength when comparing with other natural fibers. Bamboo fiber proved to be the most 
effective reinforcement compared to other reinforcements. 
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1. Introduction 
As a result of the increasing environmental awareness, the concern for environmental sustainability and 
the growing global wasted problem is increased year by year. The production of fuel-derived plastics is 
often harmful to the environment. As far as synthetic polymer composites are concerned, waste disposal 
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and recycling are major issues worldwide. In addition, concern about the preservation of natural resources 
and recycling has led to renewed interest in biomaterials with the focus on renewable raw materials. Eco-
friendly biocomposites from plant-derived fiber and crop-derived polymer are novel materials and would 
be of great importance to the composite materials world [1-2].  
Polylactic acid (PLA) is a rigid thermoplastic that has a special interest as a matrix in composite 
materials. PLA is a highly versatile biopolymer and is highlighted because it is derived from a renewable 
resource such as corn. PLA can be processed by injection molding, blow molding, and film forming [3]. 
Although the mechanical properties of PLA suited for some industrial applications, it is considered too 
brittle for many commercial applications. It is possible to overcome the brittleness by combining it with 
other materials. Natural fiber as a replacement to synthetic fiber in polymer matrix offers a good 
mechanical performance and eco-friendliness. The application of natural fiber based composites is 
increasing rapidly. The combination of interesting mechanical and physical properties together with their 
environmentally friendly character has aroused interest in a number of industrial applications [4-6].  
The quality of the fiber-matrix interface is significant for the application of natural fibers as 
reinforcement for polymer matrices. In order to improve the compatibility between hydrophobic 
thermoplastics and hydrophilic cellulosic fibers, many chemical and physical surface treatments have 
been applied to achieve high performance natural fiber reinforce composites. A variety of silanes have 
been applied as coupling agents in the natural fiber composites to promote interfacial adhesion and 
improve the mechanical properties of composite [7-9]. However, natural fibers require low processing 
temperatures due to possibility of their thermal degradation. Research study on application of 
thermosetting resin as the surface treatment of natural fiber to enhance the thermal stability during high 
temperature process has been reported [10]. Therefore, the effect of fiber content and processing 
parameters on the properties of natural fiber reinforced composites are particularly significance. The 
suitable fiber content and processing parameters must be carefully selected in order to get the optimum 
property of composite. Many research works have been studied the utilization of natural renewable 
resources as the reinforcement in polymer composites [11-14]. In this study, bamboo fiber, vetiver grass 
fiber and coconut fiber were selected as the reinforcement for PLA composites. The effects of flexible 
epoxy surface treatment on tensile property of different natural fiber reinforced PLA biocomposites were 
investigated. 
2. Experimental 
2.1. Materials 
Polylactic acid (PLA: TE-2000C) with a density of 1.25 g/cm3 was obtained from Unitika plastics 
division. The natural fiber consisting of bamboo fiber (BF), vetiver grass fiber (VF) and coconut fiber 
(CCF) (all materials obtained from Thailand without any pre-sizing treatment) were selected as the 
reinforcement for PLA. The composition and characteristic of selected natural fibers were listed in Table 
1. Flexible epoxy resin (Epoxidized polybutadiene, EPOLEAD PB 3600, Daicel chemical Co. Ltd., Japan) 
was used as surface treatment for the natural fibers. 
2.2. Specimen preparation 
The flexible epoxy resin (1 wt.% of reinforcement) was dissolved in acetone (1 g resin : 200 ml 
acetone) for reducing the viscosity prior the surface treatment process. The treated natural fibers were first 
dried at room temperature for 24 hours. Then the treated natural fibers were second dried in vacuum oven 
at 80oC for 24 hours. The content of natural fibers were varied from 10, 20, 30 and 40 % by weight, 
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respectively. The untreated and treated natural fibers were compounded with PLA matrix by twin screw 
extruder (JSW TEX30HSS) at 200oC. The dumbbell-shaped testing specimens of untreated and treated 
natural fibers were fabricated by injection molding (TOYO TI-30F6) at an injection temperature 200oC.
2.3. Testing
Tensile test (ASTM D638) was conducted on an universal testing machine (Instron 4206) with a 
testing speed 1 mm/min. The strain was measured by using strain gauge extensometer. At least five
specimens were repeated.
2.4. Scanning electron microscopy (SEM)
Scanning electron microscope (JEOL JSM 5200) was conducted on the fracture surface of the tested
specimens to examine the failure surface and failure behavior. Samples were mounted on aluminium 
holders and gold sputtered for 6 minutes prior observation.
Table 1. Physical, mechanical properties and composition of selected natural fibers [3-5]
Natural fiber Density 
(g/cm3)
Modulus
(GPa)
Strength
(MPa)
Microfibril
angle (deg)
Cellulose
(%)
Lignin (%) Average
fiber aspect 
ratio
Bamboo fiber (BF) 0.80 35.9 441 2-10 60.8 32.2 9.5
Vetiver grass fiber 
(VF)
1.50 12.0-49.8 247-723 N/A 72.6 17.0 3.8
Coconut fiber (CCF) 1.10 4.0-6.0 131-175 30-49 43.0 45.0 26.0
Results and discussion
The tensile modulus of biocomposites at different natural fiber content was shown in Fig. 1(a). The 
stiffness of composites significantly increased with increasing of fiber content as the results of addition of 
high stiffness materials. It can be seen that tensile modulus of untreated bamboo fiber composite was
higher than vetiver grass fiber and coconut fiber composites. This effect was due to the better mechanical
properties of bamboo fiber which related to the composition of natural fiber as shown in Table 1.
(a) (b)
Fig. 1. (a) Tensile modulus; (b) Tensile strength of different natural fiber reinforced PLA composites
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Fig. 2. SEM micrograph of the fracture surface of untreated composites (a) bamboo fiber/PLA;(b) coconut fiber/PLA;(c) vetiver 
grass fiber/PLA 
 
The tensile strength of natural fiber reinforced PLA composites did not show the improvement when 
compared with neat PLA. Tensile strength of coconut fiber and vetiver grass fiber reinforced PLA 
composite decreased with the increasing of natural fiber content as shown in Fig. 1(b). On the other hand, 
tensile strength of bamboo fiber reinforced PLA composite almost remained constant and only slightly 
decreased when bamboo fiber content reached 40 wt.%. This was due to that bamboo fiber has higher 
fiber strength than other natural fibers. Moreover, the bonding between different natural fiber and PLA 
matrix were different. As observed from SEM micrograph of fracture surfaces as shown in Fig. 2. The 
fiber-matrix interface in bamboo fiber/PLA composite from the Fig. 2(a) which showed better adhesion 
bonding than other reinforcement resulted in better tensile strength. The reduction of strength at high 
bamboo fiber content may possible due to the increasing of the probability of fiber agglomeration. 
Fig. 3 showed how the influence of the flexible epoxy surface treatment affected the stiffness of 
biocomposites. It was found that the flexible epoxy surface treatment reduced the tensile modulus of 
bamboo fiber/PLA and vetiver grass fiber/PLA composites. The reduction of tensile modulus may due to 
the coating of natural fiber surfaces with the flexible material, which reduced the stiffness of the natural 
fibers. However the tensile modulus of untreated and treated coconut fiber/PLA composite behaved 
differently.  
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Fig. 3. Tensile modulus of untreated and treated natural fiber reinforced PLA composites (a) bamboo fiber;(b) coconut fiber;(c)
vetiver grass fiber
The effects of flexible epoxy surface treatment on tensile strength of biocomposites were shown in Fig.
4. The tensile strength of treated bamboo fiber and coconut fiber reinforced PLA composites were higher 
than the untreated composites. The improvement in tensile strength was believed to be due to the better 
interfacial adhesion with the flexible epoxy treatment. However, it can be seen that the effects of flexible
epoxy on tensile strength of vetiver grass fiber/PLA combination was different when compared with other 
natural fibers. The flexible epoxy treated vetiver grass fiber reinforced PLA composite showed less
improvement in tensile strength compared with bamboo fiber and coconut fiber.
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Fig. 4. Tensile strength of untreated and treated natural fiber reinforced PLA composites (a) bamboo fiber;(b) coconut fiber;(c)
vetiver grass fiber
The interfacial bonding between fiber and matrix played an important role for the mechanical property
of fiber reinforced composite. The SEM micrographs of fracture surface compared between untreated and
flexible epoxy treated composites of three different natural fibers are shown in Fig. 5. The layer of 
flexible epoxy resin formed on the surfaces between natural fiber and matrix after treatment as the
flexible interphase is illustrated in Fig. 6. The interfacial structure to be formed on fiber surface was not 
matrix were formed and can 
interrupted the debonding and cracks propagation between fiber/matrix interfaces, which was reported by
Yoshikawa et al. [15]. However, in this study the gradient interface between PLA matrix and flexible
epoxy interphase was not clearly observed.
The interfacial adhesion between fiber/interphase and interphase/matrix were the important factors for 
the effectiveness of flexible interphase on mechanical property improvement. It can be seen that at the 
surface of treated bamboo fiber and coconut fiber in Fig. 5a-5b, small amount of flexible epoxy resin can 
be observed on the surfaces of the fibers. Good adhesion between reinforcing fiber and flexible epoxy
interphase resulted in tensile strength improvement of bamboo fiber and coconut fiber reinforced PLA
composites. However, in case of treated vetiver grass fiber in Fig. 5c, no flexible epoxy resin appeared on 
the fiber surfaces. It can be assumed that the interfacial bonding between flexible resin and PLA was
constant with different natural fibers. These two different interfacial adhesions resulted in the different
fracture mechanism when comparing treated vetiver grass fiber reinforced PLA composite with other 
reinforcements. It is possible to note that the interfacial adhesion between vetiver grass fiber and flexible
interphase was weaker than the interfacial bonding between flexible interphase and PLA matrix. The
weak bonding of vetiver grass fiber and flexible epoxy resin resulted in slightly different tensile strength
improvement versus other natural fibers.
The tensile modulus and tensile strength improvement performance of untreated composites were
compared with flexible epoxy resin treated composites in Fig. 7. The comparison was obtained from the 
differential ratio in percentage of the tensile properties at 40 % by weight natural fiber content and in
reference to the properties of PLA matrix. The tensile modulus of bamboo fiber and vetiver grass fiber 
were strongly affected by flexible epoxy surface treatment. On the other hand, the modulus of coconut 
fiber was unaltered by the coating of flexible epoxy interphase as shown in Fig. 7(a). Among all
reinforcement bamboo fiber was the most effective reinforcement to enhance the tensile strength of PLA
(c)
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as shown in Fig. 7(b). Moreover, by using the flexible epoxy resin as the surface treatment for bamboo 
fiber the tensile strength of PLA can be improved significantly. 
 
  
 
 
Fig. 5. SEM micrograph of the fracture surface of flexible epoxy treated composites (a) bamboo fiber/PLA;(b) coconut 
fiber/PLA;(c) vetiver grass fiber/PLA 
 
 
 
Fig. 6.  
 
4. Conclusion 
In this study, tensile properties of bamboo fiber, vetiver grass fiber and coconut fiber reinforced PLA 
composites were prepared by extrusion and injection molding processes. The tensile modulus of untreated 
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natural fiber reinforced PLA composites were increased by the addition of natural fibers. Tensile strength
of untreated vetiver grass fiber and coconut fiber composites were lower than neat PLA and decreased 
with increasing of fiber content. However, the tensile strength of untreated bamboo fiber/PLA composites
remained constant and decreased when fiber content reached 40 wt.%. The effects of flexible epoxy
surface treatment on tensile properties were dependent on the type of natural fiber. Tensile strength of 
biocomposites decreased with the applied of flexible epoxy surface treatment. The flexible epoxy surface
treatment improved the tensile strength of bamboo fiber and coconut fiber reinforced PLA composites
when compared with untreated composites. However, it can be seen that the flexible epoxy surface
treatment was ineffective with the vetiver grass fiber combination. Bamboo fiber proved to be the most
effective reinforcement for the tensileproperties improvement of natural fiber reinforced PLA composite.
(a) Tensile modulus (b) Tensile strength
Fig. 7. Performance improvement comparison between untreated and flexible epoxy treated composites (a) tensile modulus;(b)
tensile strength
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